To study pregnancy-related changes in women's gait. Study Design: A prospective longitudinal descriptive case series with repeated measures. Background: Past studies of pregnancy-related gait changes have not followed women from before pregnancy through the natural progression of pregnancy and into postpartum to assess gait parameters and kinematic changes of the lower extremities, pelvis, and spine. Subjects: Two nulliparous women, aged 21 and 39 years. Methods and Measures: Subjects were assessed before pregnancy (P0); near the end of the first (P1), second (P2), and third trimesters (P3); and 12 to 16 weeks postpartum (PP). Two-dimensional gait analysis of digital video was performed for each subject walking barefoot at a selfselected pace. Gait parameters and joint angles of the spine and lower extremity were visually analyzed for all stages of pregnancy to identify potential changes. Results: Gait speed was at least 10 cm/s slower than P0-P1, and PP gait speed was at least 10 cm/s faster than P3. Compared to P0 and P1, ankle dorsiflexion decreased at P3 in all phases of gait by at least 5º at P3, and decreased ankle dorsiflexion continued at PP. Increased hip flexion and anterior pelvic tilt at P3 reversed in PP. No consistent changes were observed in knee, thoracic spine index, or cervical spine index during the course of study. Conclusions: Gait speed, hip angle, and pelvic tilt in gait changed during pregnancy and then returned to values similar to those before pregnancy by 12 to 16 weeks postpartum. Ankle dorsiflexion decreased in all phases of gait during pregnancy and the reduction in ankle dorsiflexion persisted postpartum. Pregnancy-related spinal and lower extremity changes in women's gait should be monitored to prevent or reduce potential dysfunction.
ABSTRACT INTRODUCTION
A woman's body undergoes many physiological changes during pregnancy. A readily apparent change is the rapid weight gain that starts around the 10th week and continues throughout pregnancy. 1 Weight gain in pregnancy is accompanied by an increased level of the hormone relaxin, which peaks around the 12th week before stabilizing by the 17th week for the duration of the pregnancy. 2, 3 To accommodate the growing fetus, pregnancy hormones cause systemic joint laxity that allows the pelvis to widen. [4] [5] [6] As the weight gain increases through the second and third trimesters, physical activity generally declines. 7 One survey found that to maintain the recommended physical activity level, most primiparous women preferred brisk walking as an exercise. 8 By the third trimester of pregnancy, the self-selected walking speed of pregnant women has been shown to decrease significantly. 7, 9 Decreased speed may be related to a concomitant decrease in stride time or step length. 10 As pregnancy advances, the base of support during stance phase increases significantly. [9] [10] [11] [12] Observed increases in base of support during pregnancy have accompanied increased medial-lateral body-weight displacement, 10 decreased postural stability, 13, 14 and the sense of decreased stability. 14 Although increased base of support is one component of the "waddling gait" commonly associated with pregnancy, Foti et al 12 found no evidence of "waddling gait" in a 3-dimensional gait analysis of 15 pregnant women during the third trimester compared with nonpregnant women (13 postpartum, 2 prepregnant). Frontal plane motion changed during pregnancy, but the base of support as a percentage of pelvic width remained similar because of a concurrent increase in hip adduction. 12 In the sagittal plane, biomechanical changes at the trunk, pelvis, and lower extremities in the gait of pregnant women have also been reported. 9, 11, [15] [16] [17] Wu et al 9 found that pelvic and trunk rotation during treadmill walking was significantly less in 12 healthy pregnant women than in nulliparous women, but did not examine the lower extremities. Taves et al 15 studied the fixed-velocity treadmill walking of 2 women monthly throughout pregnancy and found no change in stride time and no change in ankle, knee, or hip angles. Landmarks used to calculate the 2-dimensional joint angles were not described. 15 Foti et al 12 that the only significant changes in lower extremity joint angles were an average increase of 4º anterior pelvic tilt and 5º to 6º hip flexion throughout gait in a mixed sample of primiparous and multiparous women.
Past analyses of pregnant gait have used small heterogeneous subject samples and varied time frames, making it difficult to characterize pregnant gait. While Taves et al 15 studied only primiparous women, others have not specified the status of their sample 18 and some have included mixed samples of primiparous and multiparous women. [10] [11] [12] The picture of gait through the course of pregnancy is also limited because some studies have reassessed gait throughout pregnancy 11, 15 whereas others have focused on gait in just the second 9 or third trimester. 10, 12 A number have highlighted changes between the second and third trimesters. 7, 13, 18, 19 To explore the differences between pregnant and nonpregnant gait, comparisons have been made between pregnant women and their own gait postpartum, 10, 12, 18 the gait of other pregnant women, 14, 20 nulliparous women, 9 and nonpregnant women. 20, 21 Up to this point, however, the natural progression of women's gait from prepregnancy, through pregnancy, to postpartum has not been described. The purpose of this case series is to identify changes in the gait parameters and 2-dimensional joint kinematics of the spine and lower extremities during the gait of healthy primiparous women as they progress from prepregnancy, through each trimester, to postpartum.
METHODS AND MEASURES Subjects
A sample of convenience was recruited from a college campus. Subjects were recruited through general campus announcements. Each interested volunteer completed an eligibility questionnaire, which was subsequently screened for inclusion and exclusion criteria. Inclusion criteria included women who were (1) between 18 and 40 years of age; (2) married or engaged, thereby increasing the likelihood of enrolling a subject who would become pregnant during the course of the study; and (3) able to walk independently without the use of an assistive device, including orthoses. Exclusion criteria included women who (1) were pregnant, (2) had previous pregnancies including those that did not result in a live birth, (3) had pain upon walking or standing, and (4) were receiving medical care for any neurologic or orthopedic condition that affected gait.
All subjects who met the inclusion and exclusion criteria gave signed and informed consent before beginning the study, which was approved by the Touro College, New York School of Health Sciences Institutional Review Board. Upon entry into the study, each subject was assigned a random number and was referred to by this number throughout the study to protect confidentiality. All included subjects completed a second questionnaire to obtain data such as age, race, height, and weight. Exercise frequency and weight gain throughout pregnancy data were obtained through follow-up interviews (see Table 1 ).
Design
This descriptive case series represents 2 prospective longitudinal cases with repeated measures taken at 5 different sessions scheduled before first pregnancy, near the end of each trimester of pregnancy, and postpartum.
Methods
Data collection for each approximately 20-minute session was conducted at the Touro College, Manhattan, New York Campus, in a consistent research area of the Physical Therapy Department. Each subject attended a total of 5 sessions: (1) prepregnancy (P0), (2) at the end of the first trimester (P1) between 12 and 16 weeks' gestation, (3) after the end of the second trimester (P2) between 24 and 28 weeks' gestation, (4) near the end of the last trimester (P3) between 36 and 40 weeks' gestation, and (5) 12 to 16 weeks postpartum (PP). While data collection occurred at a similar time of day for all sessions, by necessity the time of year varied during the long course of data collection. Subjects wore tight-fitting dark clothing and walked barefoot during testing across the linoleum floor.
To allow for digital motion analysis, a trained investigator palpated and marked the following landmarks: lateral calcaneus, lateral malleolus, head of fifth metatarsal, fibular head, and greater trochanter; anterior and posterior superior iliac spines; spinous processes of the 1st and 12th thoracic vertebrae; and the acromioclavicular joint and mastoid process. Spherical reflective markers were used to mark landmarks on posterior or anterior surfaces; circular reflective tape markers were used on lateral surfaces. Each subject walked along a 30-ft walkway marked with tape at a self-selected comfortable pace. The gait in the middle 15 ft of the walkway was recorded, allowing time for the subject to accelerate to a constant speed before entering the video-capture area. To minimize the problems associated with 2-dimensional analysis when the camera is not perpendicular to the plane of motion, 22, 23 one single complete gait cycle taken from the middle 6 ft of the video-capture area was analyzed for each walking trial. Three trials of each side were recorded, and thus a total of 6 total recordings were made for each subject. The 2-dimensional motion analysis data was recorded at 30 Hz by using a Panasonic mini-digital video camera (Model PVGS55, Matsushita Electric Industries Co, Osaka, Japan) positioned at a distance of 3.66 m from the walking path, at a height of 89 cm from the floor and perpendicular to the plane of the walkway, which was marked on the floor with tape to guide the subjects. The camera was calibrated, landmarks were digitized, and data were processed according to the specifications of the Peak Motus Version 8.0 Motion Analysis System software (Peak Performance Technologies, Inc, 7388 South Revere Parkway, Suite 901, Centennial, CO 80112, Vicon: http://www.vicon.com.
Joint angles of the ankle, knee, and hip; degree of pelvic tilt; and thoracic and cervical spine angles in the sagittal plane were obtained and recorded using the landmarks as described. Joint angles at the following 6 phases of gait were analyzed: initial contact (IC) (first frame with foot on ground), foot flat (FF) (first frame with fifth metatarsal on ground), midstance (MS) (first frame with contralateral medial malleolus obscured by stance leg), heel off (HO) (last frame with heel on ground), toe off (TO) (last frame with fifth metatarsal on ground), and midswing (first frame with contralateral medial malleolus obscured by swing leg). The thoracic and cervical spine angles were normalized for the height of the subjects by dividing the angles by the height of the individual to calculate thoracic kyphosis and cervical lordosis indices. The gait parameters recorded were stride length in centimeters (heel strike to heel strike of the reference leg), stride time in seconds, cadence (steps per minute), and velocity (meters per minute).
To obtain measures from a typical stride, the 3 trials taken from each side were averaged so that for each session, each leg had one set of data. Potential differences between subjects or between the left and right sides of the subjects were analyzed using Mann-Whitney U tests for nonparametric data because the data obtained from the small number of subjects precluded an assumption of normal distribution. Descriptive data of the joint angles and gait parameters were calculated and graphed. Graphed data were analyzed visually to identify potential changes in gait parameters such as stride time, stride length, and gait speed. In addition, visual analysis was used to identify potential differences between the stages of pregnancy at all joint and in all phases of gait, such as changes of 5º or more.
RESULTS
Two white women were enrolled in this study and completed the entire data collection process. Relevant anthropologic and demographic data are reported in Table 1 . There was no significant difference between the 2 subjects or between left and right sides for any gait variable in this case series (P Ͼ .05). Thus, the left and right sides of each subject were averaged and considered the subject's data for the data analysis in this study.
A number of changes in gait were observed for both subjects during the study period from before to after pregnancy. Stride time remained similar throughout the stages of pregnancy, hovering around 1 second per step. While stride length and gait speed were similar for P0 and P1, stride length decreased for both subjects by at least 10 cm per step from P0-P1 to P3. By the PP assessment, stride length increased by at least 10 cm back to baseline. The pattern of change in stride length was accompanied by a decrease in gait speed of at least 10 cm/s from P0-P1 to P3. A subsequent post-partum increase in the speed of at least 10 cm/s restored gait speed to a level similar to before pregnancy (see Figure 1 ). Analysis of joint angles through all phases of gait in different stages of pregnancy revealed a number of potential changes at specific joints. Average ankle dorsiflexion decreased at least 5º (in every phase of gait except IC) from before or early pregnancy (P0 and P1) to PP. A reduction of at least 5º ankle dorsiflexion in gait persisted into PP compared with P0 or P1 (see Figure 2 ). Unlike the ankle, knee kinematics remained similar throughout all phases of gait in all stages of pregnancy (see Figure 3) .
The hip and pelvis demonstrated changes during pregnancy and after delivery. Average anterior pelvic tilt increased by more than 5º from P0 to P3 during most of stance phase (FF, MS, HO, TO). After delivery, average hip flexion increased by at least 5º for both subjects from P3 to PP during most of gait (IC, MS, TO, and SW) and anterior pelvic tilt decreased by at least 5º for both subjects in every phase of gait to a degree similar to that before pregnancy (see Figures 4 and 5) .
Although a pattern of increasing cervical spine index seemed to exist from P1-P2 to P3, there was no difference in cervical spine index among the P0, P3, and PP measures. No pattern of change was apparent for the thoracic spine index during the course of the study (see Figures 6 and 7 ).
COMMENT Changes in Gait Parameters
Evaluation of average gait parameters in this case series revealed that gait in the third trimester was marked by decreased stride length of 12% and speed of 13% compared with those before pregnancy. The decreased stride length and gait speed were consistent with reports of slower self-selected treadmill walking speeds during the third trimester of pregnancy compared with the second trimester for the same women 7 or a separate group of nulliparous women. 9 No gait difference was observed between P0 and P1 in the current case series (see Figure 1 ), the only study to compare prepregnancy and pregnant gait of the same women through pregnancy.
After delivery, stride length increased by 10% (10 cm) and velocity increased by 12% (10 cm/s) at the 12 to 16 weeks postpartum in the current case series. The increase at postpartum to a stride length and speed similar to before pregnancy was consistent with the finding of Foti et al, 12 who also reported a 10-cm increase in stride length and 10 cm/s increase in gait speed. However, no studies have reported statistically significant change between late pregnancy and postpartum gait speed. 10, 12 Differences within the evidence base may be attributed to small sample sizes and measurements taken under testing conditions or at different time points. Including the current case series, changes in the gait of only 81 pregnant women have been reported in all studies combined. Differences between treadmill walking 7, 9, 15 and motion analysis of gait on level ground 10,12 may also affect outcomes. This case series compared women near the end of their third trimester between 36 and 40 weeks' gestation and between 12 and 16 weeks postpartum. Others have used 35 or 38 weeks' gestation for the third-trimester assessment with postpartum assessments ranging from 8 weeks to 1 year postpartum. 10, 12 Lymbery and Gilleard 10 observed a 6% increase in gait speed at 8 weeks, but a greater difference might have been observed had follow-up occurred beyond 8 weeks postpartum because the effects of pregnancy hormones may persist even though serum levels have decreased 24 and a woman's body weight may not have returned to prepregnancy levels.
Weight gain even without pregnancy is associated with posture and gait changes. In a descriptive gait analysis of obese men, step width and time spent in stance increased while velocity decreased compared to nonobese men. 25 Although the distribution of adipose tissue in obese men may not be comparable to the abdominal weight gain of pregnant women, increased stance width, 9, 10, 12 increased double support time, 12 and decreased velocity 7, 9 in gait have also been noted in pregnant women, suggesting that weight gain during pregnancy may have a similar effect on gait. During pregnancy, the women in this case-series gained 14.5 and 4.8 kg, respectively, which represented 25% and 8% of their prepregnancy body weight. Subject 2 gained less than the American College of Obstetricians and Gynecologists recommendation that women with a healthy prepregnancy weight are expected to gain approximately 25% of their body weight during pregnancy. 26 Postpartum weight was not recorded in this study, but gait was reassessed after 12 to 16 weeks postpartum to allow a trimester length recovery time. That both subjects had similar changes in stride length and gait speed, despite different weight gains, suggests that changes in gait parameters during and after pregnancy may be affected by other variables besides weight gain.
Kinematic Changes
Kinematic analysis in this case series suggests that pregnancy alters gait kinematics of the ankle, hip, and pelvis. The current case series found that average ankle dorsiflexion decreased at least 5º through most of the gait cycle from P0 and P1 compared to P3 (see Figure 2 ). This loss of ankle dorsiflexion persisted at PP, 12 to 16 weeks PP. Although both subjects demonstrated a normal pattern of ankle movement during gait, 27 neither subject demonstrated normal ankle dorsiflexion range-of-motion at any stage of the study from prepregnancy through postpartum. For instance, while peak ankle dorsiflexion occurred just before the heel rose off the ground, neither subject ever exceeded 2º of ankle dorsiflexion (1.3 and 1.8 for subjects 1 and 2, respectively) compared with an expected norm of 10º. 27 The loss of ankle dorsiflexion through the stages of pregnancy was more apparent for subject 2 than for 1-subject 1 demonstrated decreasing ankle dorsiflexion from P1 to P3 but demonstrated less ankle dorsiflexion at P0 than at P1-P2 (see Table 2 ). The decreased average ankle dorsiflexion observed in this case series stand in contrast to a 1982 case series of 2 primiparous women in which Taves et al 15 found no change in lower extremity joint kinematics from the 9th to the 41st week of pregnancy during controlled velocity treadmill walking. In a more recent 3-dimensional gait analysis of 15 women (9 primiparous and 6 multiparous), significant increases in hip extension and ankle plantar flexion moments were revealed. 12 Foti et al 12 suggested that the increase in ankle plantarflexor moment indicated increased use of the plantarflexor muscle group. The decreased ankle dorsiflexion seen in the current case series may be consistent with the findings of Foti et al, 12 although it remains unknown whether the lack of dorsiflexion is due to increased plantarflexor muscle activity, decreased plantarflexor muscle group flexibility, weakness of the dorsiflexor muscle group, hypomobility of the ankle joint, or another cause. The increased use of the ankle plantarflexor muscle group has also been suggested as a contributor to calf cramps often experienced during pregnancy. 12 For the 2 women in the current case series, hip and pelvis motion changed during gait throughout the stages of pregnancy. From P0 to P3, changes in hip motion were inconsistent between the 2 subjects. One subject had increased hip flexion throughout gait of 4º to 8º; the other had both increases and decreases of hip flexion in a narrow range of Ϫ1 to 3 in different phases of gait (see Table 3 ). Average anterior pelvic tilt (see Figure 4) , however, increased by at least 5º from P0 to P3 during most of stance phase (FF, MS, HO, TO). Dynamic changes in anterior pelvic tilt during gait in this case series cannot be directly compared to studies 19 found a significant average increase of 3.9º in 12 women from the first to the third trimesters.
Postpartum changes in the current case series were marked by an average decrease in hip flexion of at least 5º for both subjects (see Figure 3 ) from P3 during most phases of gait (IC, MS, TO, and SW) consistent with the finding of Foti et al, 12 who also reported a 5º decrease in hip flexion in the 15 subjects studied. Anterior pelvic tilt decreased by at least 5º for both subjects in this case series in every phase of gait by postpartum (see Table 3 ). The average decrease in anterior pelvic tilt at postpartum in the current 2-subject case series was 8.3º, greater than the statistically significant decrease of 4º found by Foti et al 12 at 1 year postpartum. In a study of static posture in pregnancy, Bullock-Saxton 18 found a 1.5º decrease in anterior pelvic tilt at 8 weeks postpartum, although multiple paired t tests were used to determine significance between 3 repeated measures potentially increasing false-positive findings. 28 The 1.5º difference may not be clinically significant 18 and was recorded during the first 3 postpartum months when pregnancy hormones may still affect laxity. 24 Gait changes at the hip and pelvis over the course of pregnancy and beyond may be interrelated, as increases in hip flexion and anterior pelvic tilt during gait have been observed to go together. 12 Variations in the methods used to calculate pelvic angle, difficulty in placing markers for video analysis near a developing pregnant abdomen, the inclusion of multiparous women with primiparous women, 10-12 the combination of prepregnant and postpartum women in comparisons with pregnant women, 10 and variations in weight gain and the length of time before postpartum reassessment may all contribute to the variations in the literature, particularly at the pelvis.
Changes at the spine were not apparent. The thoracic spine index showed no consistent pattern of change from P0 to P3 and after delivery at PP. The cervical spine index data showed an increase of more than 5º per centimeter lordosis at the cervicothoracic junction observed as increased forward head posture, during P1-P2 compared with P3. The cervical spine index was similar for all phases of gait among the P0, P3, and PP assessment periods, however. Thus, no clinical pattern of change emerged for the thoracic or cervical spine index (see Table 4 ).
While the evidence base lacks other studies of cervical spine changes in gait, static postural changes during pregnancy have been investigated. Franklin and Conner-Kerr 19 noted significant increases in anterior cervical displacement from the first to third trimesters in 12 healthy women. Bullock-Saxton 18 found that kyphosis as well as lordosis significantly increased from the fourth to the ninth month of pregnancy in a study of standing posture in 16 women. Kyphosis and lordosis did not return significantly to early pregnancy levels 6 to 12 weeks postpartum in these 16 women nor in a subsequent sample of 43 women. 18 The effect of pregnancy on the lumbar spine has also been inconsistent, with increased lordosis during pregnancy in some studies 18, 19 and not in another. 29 A relationship across the lumbar spine between the thoracic spine and pelvis has also been suggested and both have been found to rotate in the transverse plane significantly less in pregnant women than in nulliparous women during treadmill walking. 9 Further investigation of spinal kinematics during gait of pregnant women is needed.
The results of this case series demonstrate different patterns of kinematic change at different segments of the body in response to pregnancy. On one hand, ankle dorsiflexion decreased from P0 to P3 and did not increase postpartum, remaining at least 5º less than that before pregnancy. On the other hand, hip flexion and anterior pelvic tilt increased from before pregnancy to the third trimester, but decreased by 12 to 16 weeks postpartum to angles comparable to before pregnancy.
Changes in the levels of pregnancy hormones have been considered a factor in postural and gait changes during the course of pregnancy 4, 30 and have been related to joint and connective tissue laxity during pregnancy. 5, 6 Relaxin level peaks around the 12th week of pregnancy and declines and then stabilizes around the 17th week. 2 In this case series, no apparent change occurred between prepregnancy and the 12th to 16th week, suggesting that peak relaxin level does not coincide with the observed gait changes. Although relaxin level has not correlated with the degree of symphyseal distension, 31 high levels in early pregnancy have been correlated with pelvic pain in late pregnancy. 32 As pregnancy advances, hormonerelated laxity has been hypothesized to cause articular mechanoreceptors to become less sensitive to position changes, dampening muscle responses to perturbations 2, 4 and possibly contributing to weakening of the abdominal muscles overstretched by the growing fetus. 4 Systemic laxity may then lead to sacroiliac joint instability, 2 which is commonly experienced during pregnancy [33] [34] [35] and can result in pelvic muscle reflexive inhibition and compensatory gait movements. 2 In this case series, continued systemic effects of elevated pregnancy hormone levels combined with the third-trimester weight gain may have played a role in the increased anterior pelvic tilt at P3 and the subsequent decrease observed 12 to 16 weeks PP when weight loss would have occurred and the effects of pregnancy hormones should have dissipated. 24 Although pregnancy hormone-related laxity or the rapid increase in weight that begins around the 10th week of gestation 1 may also have affected changes at the ankle in this case series, postpartum reduction in pregnancy hormone levels and body weight did not appear to affect the decreased degree of ankle dorsiflexion. Kinematic changes in gait occurring away from the abdomen may not be as responsive to pregnancy-related weight and hormonal changes as the hip and pelvis.
Clinical Relevance
It is unknown how long kinematic changes in gait will last postpartum. Changes in this case series were observed at least 3 months postpartum at the hip, pelvis, and ankle. Differences in pelvic tilt, hip flexion, hip adduction, and ankle plantar-flexion have been noted in gait by others 1 year postpartum. 12 Persistent cervical lordosis or forward head posture has been related to increased thoracic kyphosis, lumbar lordosis, and back pain 36 as well as shoulder pain. 37, 38 In pregnant women, a larger initial lumbar lordosis has been found to correlate with the incidence of low back pain, 29 but no correlation between increasing lumbar lordosis and pain in pregnancy has been confirmed. 18, 19 Although the relationship between spinal curves and pain remains unclear, it may be useful to monitor pelvic tilt and spinal curves in pregnant women, because pelvic and low back pain have been found to occur in the postpartum period, 17 and 49% to 74% of pregnant women 33, 35, [39] [40] [41] [42] potentially related to a variety of factors including but not only increased body mass index. 41 Low back pain 43 and a variety of lower kinetic chain dysfunctions including hip osteoarthritis, 44 patellofemoral pain, 45 Achilles tendonitis, 46 and midfoot and forefoot pain 47 have all been related to decreased ankle dorsiflexion. In gait, decreased dorsiflexion during swing phase can lead to tripping and falls, 27(pp204-206) which have been reported in as many as 25% of women within the course of pregnancy. 13 Decreased dorsiflexion may also be an indication of plantarflexor muscle group tightness or over use 12 that may contribute to a buildup of lactic and pyruvic acids leading to involuntary calf muscles contractions, experienced as cramps in the latter half of pregnancy. 48 Although cramps do not cause lasting damage to the muscle, they can be very painful especially at night in bed 48 and are a common complaint for more than 50% of pregnant women. 40, 48 Low back pain, 29, 39 pregnancy-related pelvic girdle pain, 9, 16, 17 pelvic hypermobility, 31, [33] [34] [35] 49 and other musculoskeletal dysfunctions such as calf cramping 40, 48 are common in pregnancy and may affect the gait or function of women through pregnancy and beyond. 8, [33] [34] [35] 39, 49 In a study of 1600 pregnant women, more than 65% complained of difficulty walking distances greater than 200 m or on uneven terrain and 55% reported difficulty walking even 50 m. 33 Walking was found to increase pelvic pain in 80% of those already with pain. 34, 49 In fact, walking was the most reported common aggravating activity after standing. 34, 49 Since maintaining a higher activity level in the third trimester has been associated with fewer of the common discomforts of pregnancy such as cramps in primiparous women and walking is the preferred mode of exercise activity, 8 it is important to identify gait changes through the course of pregnancy that may affect a woman's ability to maintain an adequate level of activity through pregnancy and prevent future pain and dysfunction.
Limitations
This study was a small case series and findings cannot be generalized. In the data collection process, potential for error existed because of possible movement of the reflective markers in relation to the relevant bony prominences, variation in the placement of the markers especially at the anterior superior iliac spine as abdominal girth increased, or inconsistent identification of the gait events because the digital camera recorded at only 30 Hz and the precise event may have occurred between frames.
In addition, only 1-camera 2-dimensional video analysis was performed. Although 3-dimensional motion analysis may have been ideal, 2-dimensional results obtained from a lateral view have been found to be insensitive to alignment angle and correspond well with 3-dimensional measurements. 22 Effort was taken to obtain as normal a gait stride as possible by having the subjects walk at a self-selected speed to maintain their optimal gait for their individual physical qualities 27(p432) over a walkway with over 7 ft before and after the capture area to allow acceleration and deceleration to occur outside the video-capture area. Within the capture area, only the center gait stride was analyzed. However, subjects may have altered their gait subconsciously simply because they were aware of being filmed or were unused to walking barefoot.
Any conclusions drawn from this case series must also be viewed cautiously because of the large individual variations likely in the gait of pregnant women. 10, 20 Individual variations may exist between individuals as well as between sessions or within the 4-week window defined for each stage of pregnancy. Because it was impossible to predict when a woman might become pregnant, time between the prepregnancy and the first pregnant session varied necessarily. In addition, environmental changes such as temperature, despite the indoor location, varied with the seasons and may have affected gait.
CONCLUSION
This longitudinal prospective study was the first to describe the gait of women from before pregnancy, through all 3 trimesters of pregnancy, to postpartum. Hip flexion and anterior pelvic tilt increased while ankle dorsiflexion decreased during the course of pregnancy. While changes at the hip and pelvis returned to levels comparable to before pregnancy, loss of ankle dorsiflexion remained more than 3 months postpartum. Understanding the changes that occur through the natural progression of pregnancy may be useful in the prevention of or the rehabilitation from musculoskeletal dysfunctions.
